Abstract-This research concerns on design of high-performance MEMS tuning variable varactor. Varactors can be used as a part of LC-tank of an oscillator. Using MEMS technology causes an improvement in Q factor of varactor to achieve less phase noise and lower power consumption in an oscillator. In this work a two different gap varactor has been used to avoid the pull-in voltage at 2.4 GHz. The expected capacitance is 3 pF. The area and the gaps between the plates achieved based on a basic formula of the capacitor. The design of layout has been done by CoventorWare software 2006. The DC voltage is 2.5v which is applied to the plates and the results of 3.02 pF could be gained after analyzing. The Q factor of varactor calculated based on a distributed RC line and computed about 376.43 using MATLAB programming. The result is good enough to make low phase noise in VCO.
I. INTRODUCTION
Microelectromechanical Systems (MEMS) technologies use to develop miniaturized, integratable, high quality factor (Q) frequency selective circuits. High-Q devices are fundamental for many different passive and active circuits and can substantially reduce the phase noise or power consumption of oscillators and amplifiers.
The term "varactor" comes from the word variable reactor and means a device whose reactance can be varied in a controlled manner, in this case, with dc bias voltage. MEMS variable 1-4244-2561-7/08/$20.00 ©2008 IEEE capacitors have the potential to replace conventional varactor diodes in the most wireless communication devices as amplifiers and oscillators to achieve high quality factor, wide tuning range, low phase noise and small chip size in those applications. The recent applications of MEMS technologies in voltage tunable capacitors are using two kinds of methods, an electrostatic method and an electro-thermal method. The electrostatic method is derived from varying the distance between two parallel plates, which are one movable and the other fixed plate, using the applied bias voltage to the both plates. Many approaches have been gained during years to get better varactor with higher Q factor. A variable capacitor with capacitance of 0.792 pF and Q factor of 51.6 at 1 GHz has been fabricated by nickel [l] .A Q of 62 at 1GHz for a 2.11 pF capacitance value has been achieved with aluminum [2] . A polysilicon structure with an additional gold layer to increase conductivity has been reported to achieve a Q of 256 at 1 GHz for a 0.101 pF capacitance value [3] . Abbaspour [4] presented two novel structures for high-Q MEMS tumble capacitors. The proposed designs include full plate as well as the comb structured capacitors. They can be fabricated employing surface micromachining technology which is CMOScompatible. The structures do not require the cantilever beams which introduce considerable series resistance to the capacitor and decrease the quality factor. Therefore, their proposed structures achieve better Q in a smaller die area. The simulated results for 1pF full plate capacitor show a Q of 47 at 1 GHz. Klymyshyn [5] .
In this paper we present the design of high Q MEMS variable capacitor with two plates. Design and simulation have been done by CoventorWare. The special design to overcome pull-in effect has been presented. The capacitance has been verified with two methods and Q factor has been calculated using RC modeling of capacitor. The results show good agreement between methods and are satisfactory in compare with other works.
II. VARACTOR LAYOUT DESIGN
As can be seen in Fig. 1 a single-air-gap parallel-plate capacitor is modeled. The capacitor consists of a fixed bottom electrode and a top electrode suspended. A DC voltage is applied between two plates to move the top plates as much as w. to find out the mechanical equations of the system, the energy transferring between components of system has been investigated. 7;" =i mv2
Where the differential of displacement of the moving plate leads the velocity, so the Eq. (1) can be changed to Eq. (2):
The potential energy which is stored in the spring
Uk is:
And the potential energy stored in the parallel plate capacitor U e is:
which comes from kinetic energy formula of capacitor when substitute c =E:
A a is the area of the plate and g and ware defined
in Fig. 1 . The energy of the whole system is the summation of all energies:
The dynamics of the system is derived by using Lagrange's formulation,
Ow aw L =T", -Uk -u e is the Lagrangian of the system, and the damping force will be introduced as a Eq. (7):
As can be seen in the Fig. 1 the only contributing force to the work (w ) of the system is F d . So the final equation after using Lagrange's formulation is:
(8)
This equation is the common mass-spring-damper equation of dynamics. From this formulation, the force generated between the parallel plates capacitor, using basic electrostatics, obtains the following form:
where co is the dielectric constant, g is the gap between the plates, A a is the area of the plates and V is the applied voltage between the plates. As it can be found, this force is inversely proportional to the gap between the plates of the capacitor. As the gap decreases, the generated attractive force increases. The only opposing force to the electrostatic loading is the mechanical restoring force (K). If the voltage is increased, the gap reduces generating an incremented force. At some point the mechanical forces described by the spring cannot balance this force anymore. Once reached this state, the plates will stick together, and in most cases, the system would be eternally disabled. Consequently, the electrostatic loading has an upper limit beyond which the mechanical force can no longer resist the opposing electrostatic force, thereby leading to the fail of the structure. This actuation instability fact is known as pull-in, and the associated critical voltage is called the Pull-in Voltage. Using the last Eq. (9) is needed to compute the pull-in voltage on the basis of Fig. 1  the only force modeled by spring (F d ) . At static equilibrium, an electrostatic attraction force Fe which is caused by a constant supply voltage V is equal to the mechanical elastic restoring force F d from spring. In this equilibrium we have:
The Eq. (10) can be rearranged in a third-degree polynomial in wand solved to find the pull-in voltage V p as:
Since the restoring force is a linear function of the gap and the electrostatic force is inversely proportional to the second power of the gap, there exists a stable equilibrium point only when:
3 It means after this point (displacement will be greater than the on third of the distance between two plates), pull-in happens and the suspended plate snaps down on the fixed plate. Based on those results and using the basic formula of capacitor, capacitance, area of the capacitor plates and g is 3 pF, 180 pm 2 and 0.1 pm respectively when the upper electrode is fixed at each end.
III. SIMULATION PROCESS WITH COVENTORWARE

A. Material and Process
The basic material for capacitor to construct the substrate is silicon because of low cost and compatibility with CMOS technology. The plates constructed by nickel because of the cheaper price than gold and high conductivity. The sacrificial layer is from titanium and in this study the dielectric is air gap. To overcome pull-in effect two-gap capacitor as shown in Fig. 2 has been used [6] . The upper electrode and central sense electrode from the capacitor have the distance of one-third of the first gap. When a dc bias is applied to the electrodes, the upper electrode deforms to reduce the sense to upper electrode gap, gs' If gs is less than one-third of the gap between bias electrode and upper electrode, gd, then pull-in is avoided.~· Substrate Fig. 2 Two gap tunable capacitor structure
B. Design Flow Process
The design process of varactor starts with substrate based on silicon by dimension of 390*270*20. Fig. 3 shows the design flow. As it can be seen the first step is deposition of 0.03 pm of nickel onto a silicon substrate and patterned to form the lower plate and anchor pads. It can be caused by etching nickel basis on mask 1. Again using deposit process to deposit 0.2 pm of nickel to raise the sense electrode and anchors, the etching mask is applied to shape these three columns as mask 3 . A further 0.1 pm of titanium was deposited to define the capacitor spacing, gs. A negative mask 4 as shown in Fig. 3 was applied to etch titanium from a top of two anchors and make two holes for raising them up again. The etched holes will be filled by 0.1 pm of nickel in depositing process and the extra nickel was removed by applying mask 5 to etch them all. The final step is depositing nickel to form the upper plate of the capacitor. The thickness of the upper electrode is 10 pm to avoid deformation after applying voltage. The final mask removed the nickels from other parts and finally the titanium will be scarified. The results show several values of capacitance in units ofpF . The values with matched names, for example bottom to bottom capacitance represents the self-capacitance due to stored charge on the device. By CoventorWare's convention, selfcapacitance terms should be positive and mutualcapacitance terms should be negative. The beam to bottom capacitance is the expected capacitance and as could be seen the results is close to the analytical capacitance. MemMech computes the mechanical solution for the beam problem. The solver uses finite element method to solve for mechanical stress and displacement at each node on each brick created for the model. Fig. 6 shows deformation of the beam under same voltage with very thin beam layer. It can be seen this much deformation has effect on the value of capacitor, so to avoid this unwanted behavior in this wok the thickness of beam chose high. applied to the plates and the results of 3.02 pF could be gained after analyzing, as it could be seen in Fig Where R p is the sheet resistance for the capacitor plate and CD is the total capacitance between the conductive and resistive plates. An expression for the Q-factor can be obtained:
IV. SIMULATION RESULTS
(13) Since losses due to interconnect and the substrate are not considered in this model, the expression resulting above signifies the maximum theoretically achievable Q-factor. The result which is obtained for this work is 376.43.
VI. VALIDATION OF THE SOLUTION
It should be noted the verification for the value of Q factor in capacitor which comes from Eq. (13) depends on the values of capacitance and sheet resistance of material and center frequency. The verification of capacitance achieved using theoretical value with simulation results which are close together and the sheet resistance of nickel got from handbooks. The center frequency assumed as 2.4 GHz.Dec [7] reported a varactor about 3.62 pF at 1 GHz which has the dimension about 326*326 pm 2 and Q factor of152. It should be considered that this work has been achieved smaller capacitor with higher Q factor.
VII. CONCLUSION
In this paper a double-air-gap parallel-plate MEMS tunable capacitors has been designed and simulated. The capacitance calculated theoretically using the basic equation in capacitor and the capacitance about 3 pF has been achieved. The layout of capacitor designed for overcoming the pull-in effect. The simulation results have been obtained by CoventorWare software and the capacitance has been gained 3.02 pF to verify the design. The Q factor of varactor computed about 376.43 using MATLAB programming. The results found in good agreement in two methods and the quality factor was satisfactory for design a low phase noise oscillator.
